A new structure of Si-photodetector in TSMC 0.18µm CMOS process is introduced. Some critical parameters, such as dark current, responsivity and junction capacitance, were measured and analyzed. The experiment results are quite desirable.
I. INTRODUCTION
A monolithical integrated optical receiver which use a silicon-based photodetector in a production CMOS process can eliminate the influence of packaging and interconnect, and the whole cost of optoelectronic integrated circuits (OEICs) can be greatly reduced. Consequently monolithical optical receivers have been used extensively in optical storage systems like CD-ROM and digital versatile disk(DVD), digital systems that operate at wavelengths ranging from 650nm to 850nm through plastic optical fiber [1] and some LANs with wavelengths of 780~850nm.
Woodward et al. at Bell Laboratories reported a 1-Gb/s OEIC at a sensitivity of -6 dbm in 0.35um CMOS process that contained a lateral P+/N well p-i-n diode [2] . But the responsivity was only 0.01~0.04 ampere/watt and a reverse bias of 9V was needed. The absorption length of Si at 850nm is approximately 14 um. However, in Deep Sub-Micron CMOS process the well is thinner than 1um which results in a low responsivity. In standard CMOS process we have to trade off between responsivity and speed. Zimmermann et al.
also reported a 1-Gb/s OEIC at a sensitivity of -15.4dbm for 638nm in user customized 1um CMOS process that employed a vertical Nwell /p-sub diode [3] . The responsivity of 0.48 A/W was obtained. Although the responsivity and sensitivity were quite satisfying, the diode need user specified wafer with a low doping concentration epita-xial layer, and noise from VDD and GND may directly couple into diode which will deterio-rate the sensitivity.
Although lateral double photodetector (DPD) [2] has some attractive features, the diffusion carriers take a considerable part of all the photogenerated carriers. Further more, due to substrate doesn't provide good isolation, signals from a device may couple with others through substrate. So we introduce deep Nwell and Shallow Trench Isolation (STI) which are available in modern Mixed signal/Radio Frequency (MS/RF) CMOS process to depress the noise and improve the sensitivity. In this article four different structures are designed to explore the methods of improving the performance of photodetector in MS/RF CMOS process. Structure A. typical finger DPD [2] . Structure B. Deep N well is introduced.
II. STUCTURE OF PHOTODIODE
Extra N well at a depth of 2µm is added U.S. Government work not protected by U.S. copyright beneath the ordinary N well in the substrate based on the Finger DPD. Furthermore, it depresses the noise through the substrate and increases the absorption depth. Consequently, the responsivity is improved. Structure C. STI technology is included in this type of detector, which breaks through the limitation of traditional technology with its perfect isolation, smooth surface and excellent effect of anti-latch-up, and it has been accepted as the main stream technology of isolation in 0.25µm and in 0.18µm process. In this technology , N well should be made in the substrate firstly, then the trench is formed between N+ electrode and P+ electrode nearest, then DPD detector should be made in the N well. Photogenerated electrons and holes to the electrode corresponded are blocked by the STI ,so that the absorption depth and responsivity of the DPD are improved indirectly.
Structure D. The STI technology and deep N well are both integrated in this type of detector. Merits of the two structures are obtained simultaneity. 
III. PICTURE OF PHOTODETECTOR AND TESTING CIRCUIT A. Fabrication Process
Several types of detectors are shown in Fig.1 , which are all fabricated in 0.18µm MS/RF CMOS technology of TSMC. Deep N well and STI are provided in this process. The photo amplified is shown in Fig.2 , in the midst area of which is the functional part.
B. Testing circuits
The testing circuits are shown in Fig. 3 , the wavelength λ＝638nm, R L ＝0.5kΩ, and reverse bias is 5V. The current , which is generated by incident laser flows through R L with Vout as a result of voltage drop. The voltage drop can be measured by a high-resistance oscillograph (input capacitor 0.1pF，input resistance 10MΩ). The junction capacitor can be measured by HP4284 Precision LCR meter. From Fig. 4 , the dark current of structure C and D which have STI is smaller than Structure A and because STI blocks the diffusion carriers in landscape orientation. Also the dark current of structure B because most carriers generated by noise compound in deep N well.
B. Capacitor
As Fig. 5 shows, the junction capacitor of all the above detectors decrease as the absolute value of reverse bias increases. According to equation (1) , as the barrier width increases, the barrier capacitor will decreases. Due to the introduction of Deep N well and STI ,the doping concentration grade of the low doped side will alter, according to equation (2), barrier capacitor increases with the increase of doping concentration grade. Consequently, the junction capacitor of the photodectector which contains Deep N well or STI is larger than typical DPD. 
C. Responsivity
Thanks to the existence of Deep N well, More carriers generated in substrate will be eliminated. On the other hand, in the detectors without STI, the photogenerated current may flow from N+ diffusion electrode to P+ electrode in landscape orientation; in those with STI, photogenerated carriers couldn't drift in landscape orientation blocked by the shallow trench, and could only flow in vertical orientation under the effect of electric field, then go round the trench, finally reach the electrode. Obviously, the STI blocks the diffusion fraction in landscape orientation. Consequently, a vertical structure is formed and the absorption depth was deepened indirectly. Accordingly, the responsivity of detector with STI or Deep N well is far better than typical DPD. Table 1 Responsivity of detectors V. CONCLUSION We proposed several structures of photodetector in standard MS/RF CMOS technology and no extra process is needed. Compared with typical DPD for the same area, the type that contains deep N well and STI is proved to have less dark current, less capacitance and higher responsivity.The research on decreasing capacitor and improving speed will be carried on in future.
